ABSTRACT
INTRODUCTION
Depression is estimated by the World Health Organization to be the most important cause of disability in the world by the year 2020 (1) . Not only females are twice as likely to suffer from depression as men, but also their depressive episodes can last longer, be more severe and often recur (2) . About 75% of women at menopause experience or seek treatment for sleeplessness, anxiety and/or depression. The condition might even reach bipolar and major depression as stated by Weissman and Olfson
(3)
. Advances have been made in the understanding of signaling pathways underlying the pathophysiology of depression. It was basically thought to be caused by disturbances in the chemical balance of neurotransmitters, namely serotonin and noradrenaline and this was the basis for the monoamine hypothesis of depression
(4)
. Recently, atrophy of dendrites and spines in addition to decreased neurogenesis and synaptic plasticity in the prefrontal cortex and hippocampus are among the postulated hypotheses
(5)
. Synaptophysin is one of the most abundant proteins in synaptic vesicles. It functions as a channel in the synaptic vesicle membrane, and it is essential for synaptic vesicle endocytosis, recycling and neurotransmitter release (6) . Synaptophysin is also used as a presynaptic marker (7) . Little research has been conducted to investigate the possible role of synaptophysin in the pathophysiology of mood disorders and depression especially in relation to menopause. Most of these researches have been related to the role of hippocampus in depression.
Brains of depressed subjects show structural abnormalities and reduced expression of several markers for neuronal function and viability (8) . Neurons and glial cells produce many neurotrophic factors, among which is the brain-derived neurotrophic factor (BDNF). It plays a crucial role in the selection and stabilization of active synaptic contacts (9) . Nerve growth factor (NGF), is also an important neurotrophin and both BDNF and NGF have been linked to depression
(10)
. Opposite to neurotrophins which are critical to synaptic plasticity and neurogenesis, brain amyloid-beta peptide 1-42 (Aβ ) was shown to be related to synaptic dysfunction and decrement in neuronal survival .
Aim
The present study aimed to assess the possible role of PFC in neurobiology of depression in an experimental model of menopause. PFC levels of synaptophysin, BDNF, NGF and Aβ in addition to their relation to depressive-like behavior were assessed in ovarectomized rats 16 weeks following ovariectomy.
METHODS

Animals
20 female Wistar rats (200-250 gram) were used in the present study; they were obtained from animal house, Faculty of Medicine, Cairo University. Rats were maintained on a 12-h light/dark cycle with free access to normal rat chow and water.
Experimental protocol
Rats were randomly divided into two groups, n= 10. Group I; control animals, which underwent a sham ovariectomy and Group II; ovarectomized animals. Rats were anesthetized using ketamine (100 mg/kg, im). Animals of both groups received no medications throughout the experiment (16 weeks).
Two widely used screening tests were implemented at the end of the experiment to test for depression, the forced swim test, and the tail suspension test. Both tests have good predictive validity and are based on the same principle; measurement of the duration of immobility when rodents are exposed to an inescapable situation (12) . Following testing for depression, animals were sacrificed under diethyl ether anesthesia and brains were immediately removed and prefrontal cortices were dissected and kept at -80 until used for measurement of synaptophysin, BDNF, NGF and Aβ .
Forced swim test (FST)
Was conducted according to the traditional method of Porsolt et al.
(13)
. The behavioral glass apparatus is 50 cm high and 20 cm in diameter filled with water (25°C). The water depth is adjusted so that the rat must swim or float without its tail or hind limb touching the bottom. Rats were placed in the cylinder for 6 min. The sessions were videotaped and immobility was recorded during the last 5 minutes; the time during which rat is not making any active movements or very limited movement to keep the head floating. Following the test, animals were dried before being returned to their cages.
Tail Suspension Test Forced Swim Test
Tail suspension test (TST)
A short piece of adhesive tape, was attached along the tail with approximately 2 cm of the tail protruding. The free end of the tape was attached to a 20 cm long rigid tape which hung from a horizontal bar clamped to a heavy laboratory stand. Each rat was suspended by its tail and observed for 6 min. The sessions were videotaped and immobility was recorded during the last 5 minutes; the duration of passive hanging between periods of wriggling of the animal (14) . Western blot analysis and protein extraction of (Aβ 1-42 ). Expression of Aβ in the PFC was determined by western blot analysis. Brain tissue (50 mg) was homogenized using a polytron homogenizer in 1.5 ml cold lysis buffer (50 mmol/l Tris-HCL, pH 8.0, 150 mmol/l NaCl, 1% NP40, 0.5% sodium deoxycholate, 0.1% SDS and 0.5 mmol/l phenylmethylsulfonylfluoride). The homogenate was centrifuged for 20 min at 4 ºC and the supernatant was collected. After boiling at 95 ºC for 5 min, samples (50 µg/lane) were subjected to 7% SDS-PAGE gel and then transferred to nitrocellulose membranes (Bio-Rad). The membranes were blocked in 7.5% non-fat dried milk in TBST(0.05% Tween-20 Tris-buffered saline) for 2 h at room temperature and then incubated with primary antibodies overnight at 4 °C; specific antibodies against AB 
Statistical analysis
Statistical analysis of data was done using SPSS for windows package version 20 (SPSS Inc.,Chicago,IL, USA). Independent T test was used to compare between means of the variables in the control and ovarectomized groups. Results were expressed as mean ± SD. Pearson's correlation coefficient was used to assess association between variables. A P value < 0.05 was considered significant.
RESULTS
The present data showed significant reduction in serum estrogen level in ovarectomized rats compared to their sham-operated control rats 16 weeks following ovariectomy (Table 1) .
Depressive-like behavior
T test used for comparing immobility time in both FST and TST revealed that female rats subjected to ovariectomy had developed depressive-like behavior compared to their control rats as indicated by the significant increase in the immobility time in both tests ( Table 1) . significantly increased compared to control rats (Table 2 and Figure 1,2) . 
Table 1: Mean ± SD of estrogen level and immobilization time in forced swim test (FST) and tail suspension test (TST) in control and ovarectomized rats (T test).
Parameters
Correlation results
The correlation studies of present work demonstrated a negative significant association between serum estrogen level and immobility time in tail suspension test in ovarectomized group (r = -0.727, P < 0.05). Otherwise no significant correlations were observed between prefrontal cortex levels of synaptophysin , neurotrophines or AB and immobility time of the tests used to evaluate depressive-like behavior in ovarectomized group (Figure 3 ). 
DISCUSSION
The present study revealed depressive-like behavior in female rats, 16 weeks following ovariectomy as indicated by increased immobility time in FST and TST. In agreement with the present finding, higher incidence of anxiety, bipolar and major depression were evident among postmenopausal women (15) , and estrogen replacement was shown to improve mode and increases the sense of well-being in postmenopausal women with no or mild depressive symptoms (16) .
Meanwhile the mechanisms underlying depressive behavior in menopausal females are still unsettled.
An emerging important finding in the present study is the significant increase in PFC levels of synaptophysin 16 weeks following ovariectomy.
Little research has been conducted regarding synaptophysin and postmenopausal status.
Velazquez-Zamora et al.
, observed that estradiole treatment for 3 or 10 days, which started 6 days following ovariectomy, increased synaptophysin expression in hippocampus of ovarectomized rats. Previously, Kretz et al. , observed upregulation of synaptophysin in hippocampal cell cultures in response to estradiole, but this upregulation was not accompanied by an increase in synaptic button number.
The conflict between synaptophysin findings of the present study and previous works could be referred to the difference in protocol implemented and the tissue examined in previous experiments.
Synaptophysin was found to play an essential role in synaptic vesicles' endocytosis and recycling. It also binds cholesterol and this step is essential for the biogenesis of synaptic microvesicles . , stated that behavioral stress and depression could reflect hyperglutamatergic state.
In addition, ketamine, which is NMDA receptor antagonist, produced rapid and sustained antidepressant effect in depressed subjects. Also in experimental models of depression induced in mice, kitamine increased number and function of spines in pyramidal neurons of prefrontal cortex which was associated with antidepressant behavioral responses (28) . The data described in the present work suggest an emerging hypothesis; that withdrawal of ovarian hormones would increase PFC level of synaptophysin with subsequent hyperglutamatergic state which could underlie the behavioral despair observed in ovarectomized rats.
The present work confirms the previous findings regarding role of neurotrophins and AB in pathophysiology of depression and extends this role to depression associated with menopause.
Present findings demonstrated significant decrease in the PFC levels of BDNF and NGF together with significant increase in Aβ in the ovarectomized rats.
In agreement with the present findings, conditional deletion of BDNF caused depressive behavior in female mice, while central or systemic administration of BDNF produced antidepressant responses (29) . BDNF expression was found to be reduced in hippocampus and PFC of postmortem brain of suicide victims (30) . In addition, serum BDNF was reduced in depressed subjects and got normalized by antidepressant treatment (31) . Up to our knowledge, PFC level of BDNF has not been previously assessed in ovarectomized rats.
In accord with the present elevation of Aβ , higher CSF levels of Aβ were detected in elderly women with major depressive disorder compared to healthy controls (32) . Several mechanisms that explain the association of increased Aβ with behavioral despair include its neuromodulatory action on 5-hydroxytryptaminergic and dopaminergic systems in PFC leading to disruption of its function and impairment of mood control as stated by Colaianna et al.
(33)
. The authors showed that intracerebroventricular injection of Aβ 1-42 also inhibited the expression of BDNF and NGF in PFC of adult male rats and induced a state of despair.
Previous researches showed the effect of ovariectomy on expression of synaptophysin and neurotrophins in the hippocampus which also have been related to depression. The present data regarding the prefrontal cortex contribute to the originality of the present work.
Mechanisms underlying depressive behavior in response to ovarian hormones withdrawal are still unclear. The data presented here highlight some possible alterations in the PFC that could play a role in the pathophysiology of postmenopausal depression. Future studies are required to investigate the postulated role of up regulation of synaptophysin and the possibility of glutamate excitotoxicity as underlying mechanisms.
CONCLUSION
The present study revealed an important finding, which is the increased PFC level of synaptophysin in ovarectomized rats 16 weeks following ovariectomy. Increased synaptophysin with possible enhancement in glutamate release and consequent glutamate excitotoxicity could be among mechanisms underlying depressive behavior demonstrated by the increased immobility in the FST and TST. The PFC also showed elevation of AB together with decreased levels of BDNF and NGF which could also be related to depressive behavior in ovarectomized rats 16 weeks following ovariectomy.
